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No. 2093118. Abstract 

This invention falls into the field of medicine, or more precisely ophthalmology, and may find 
use during the diagnosis and treatment of patents with retinal and optic nerve damage. The 
method consists of subjecting isolated sections to a diagnostic electroexposure beforehand with 
biphasal square pulses using a multichannel electrode applied to the orbital region. Based on the 
diagnostic results obtained, a therapeutic electroexposure is carried out with trains of pulse 
bursts, using the optimum parameters determined for each isolated section. The pulse length of 
the therapeutic electroexposure corresponds to the patient's minimum electrophosphene 
origination threshold, while pulse amplitude corresponds to the minimum continuous 
electrophosphene origination threshold at the minimum rate value. Therapeutic electroexposure 
is carried out starting with the most functionally intact sections. The multichannel stimulator 
associated with this method contains a mode selection unit, a parameter input unit, cycle, train, 
and session shapers, a pulse number counter, a signal level converter, a channel selector, a clock 
pulse generator, a current generator, an amplitude regulator, and an analog switch, n outputs of 
which serve as stimulator outputs. This device additionally contains a control unit, a parameter 
storage unit, a display unit, and a channel switching shaper, all of which are separately 
connected. 2 independent claims, 5 illustrations. 



No. 2093118. Description 



This invention falls into the field of medicine, or more precisely ophthalmology, neurology, and 
neurosurgery, and may find use during the diagnosis and treatment of patients with retinal and 
optic nerve damage. 

Conservative techniques for the treatment of optic nerve and retinal damage are not very 
effective when the optic tract has sustained serious damage. Techniques for direct (contact) 
electrostimulations of damaged optic nerves that facilitate the improvement of conduction have 
been developed to treat severe forms of nerve pathology. 

A method for direct optic nerve electrostimulation already exists [1], which consists of the fact 
that electrodes are inserted into the optic nerves during neurosurgical operations, through which 
therapeutic exposure is carried out during the postoperative period. 

A method also exists [2] that does not require extensive neurosurgical intervention, during which 
electrodes under the control of an electrooptical converter are fed into the bone canaliculus near 
the optic nerve, through which therapeutic electroexposure is carried out with biphasal square 
current pulses. This method has one basic shortcoming: there remains the danger of vessel 
damage in the retrobulbar region, in addition to which the implantation of electrodes directly into 
the optic nerve does not make it possible to carry out retinal electrostimulation when the retina 
has been damaged along with the optic nerve. 

Attempts at creating electrostimulation techniques without surgical intervention have resulted in 
the development and use of a method for the noncontact (transcutaneous) periorbital 
electroexposure of the optic nerves and retina [3] that serves as our prototype. 

The method at hand is carried out as follows. Intact optic nerve sections are identified 
beforehand by means of a neuroophthalmological examination, conventional and quantitative 
perimetry techniques, and ophthalmoscopy. Therapeutic electrostimulation is carried out 
transcutaneously in the following manner. Metal disk electrodes with a diameter of 3-10 
millimeters (mm) are applied to the eyelid and orbit of the eye, through which exposure is 
undertaken with trains of biphasal square current pulses. The prototype method eliminates the 
necessity of surgically inserting special electrodes into optic nerve, which reduces injuries and 
also expands indications for clinical application; i.e., therapeutic electroexposure covers not only 
the optic nerve sections, but also the retina. 

The electrostimulator that serves as our prototype device [4] makes it possible to implement the 
method described in reference [3]. This multichannel electrostimulator contains a series- 
connected clock pulse generator and distribution unit. The subject device enhances the 
efficiency of treatment, since it facilitates the differentiated exposure of optic nerve and retinal 
sections that have pathologies of different degrees. To this end, a mode selection unit, a cycle 
shaper, a train shaper, a session shaper, a pulse number counter, a channel selector, a distribution 
unit in the form of a signal level converter, a current generator, an amplitude regulator, and an 
analog switch have been incorporated into the subject device, all of which are connected in a 
specific manner. 



The vision restoration techniques listed, including the prototype, do not take into account the 
sophisticated topical and functional organization of the retina and the optic nerve. In addition, 
when a vision system pathology is present, functional activity is appreciably altered. The 
prototype determines the sequence of a therapeutic electroexposure, but it does not have a 
differentiated approach to the evaluation of the functional condition of retinal and optic nerve 
sections; consequently, it is not possible to optimize an electroexposure, which makes the 
method insufficiently effective. 

The basis of this invention consists of the task of creating an effective method for the restoration 
of vision when retinal and optic nerve damage is present, as well as a device for implementing 
this method, which together would make it possible to determine the extent of the functional 
activity of damaged sections and to carry out balanced therapeutic electroexposure within 
damaged sections, as well as to ensure the successive activation of retinal and optic nerve fiber 
sections in this instance, with the creation of a therapeutic preexcitation reaction. 

The goal set is achieved by virtue of the fact that this method is used to restore vision in the 
presence of retinal and optic nerve damage by means of therapeutic electrostimulation with trains 
of biphasal square pulse bursts, during which a preliminary diagnosis of isolated sections is 
made, including the compilation of a visual field chart, and therapeutic electrostimulation is 
carried out through an electrode applied to the orbital region. According to the invention at 
hand, the diagnostic electroexposure and therapeutic electrostimulation of retinal and optic nerve 
sections are carried out through a single electrode with n channels that correspond to the number 
of sections isolated, with these isolated sections being diagnosed based on the extent of their 
conformance to the functional condition identified on the visual field charts, as well as indices of 
electrosensitivity to a diagnostic electroexposure by biphasal square pulses. In this instance, the 
optimum therapeutic electrostimulation parameters are determined for each n section: the 
minimum pulse length value in the presence of the minimum possible electrophosphene 
origination threshold value and the pulse repetition rate value that corresponds to the lowest 
possible continuous electrophosphene origination threshold value in the presence of a fixed 
minimum pulse length value. Thereafter, the therapeutic electrostimulation of the isolated 
sections is successively carried out based on the electric current pulse parameters found for each 
of n channels. This procedure starts with the most functionally intact retinal and optic nerve 
sections. 

The multichannel electrostimulator for the implementation of the method described in paragraph 
1 contains a mode selection unit, a parameter input unit, cycle, train, and session shapers, a pulse 
number counter, a pulse shaper, a signal level converter, a channel selector, a clock pulse 
generator, a current generator, an amplitude regulator, and an analog switch with n outputs that 
also serve as the outputs of the electrostimulator. According to the invention at hand, this 
electrostimulator also contains a control unit, a parameter storage unit, a display unit, and a 
channel connection sequence shaper. Here, the output of the parameter input unit is connected to 
the first input of the control unit, the first output of which is connected to the pulse shaper input, 
the output of which is connected to the first input of the signal level converter. The second 
control unit output is connected to the second signal level converter input, the third control unit 
output is connected to the third signal level converter input, the fourth control unit output is 



connected to the display unit input, and the fifth control unit output is connected to the parameter 
storage unit input, the first output of which is connected to the second control unit input. The 
second output of the parameter storage unit is connected through the pulse number counter to the 
third control unit input. The third output of the parameter storage unit is connected through the 
clock pulse generator to the fourth control unit input. The fourth output of the parameter storage 
unit is connected through the cycle shaper to the fifth control unit input. The fifth output of the 
parameter storage unit is connected through the train shaper to the sixth control unit input. The 
sixth output of the parameter storage unit is connected through the session shaper to the seventh 
control unit input. The seventh output of the parameter storage unit is connected through the 
channel connection sequence shaper to the eighth control unit input, the ninth input of which is 
connected to the mode selection unit. The first output of the signal level converter is connected 
through the amplitude regulator to the control input of the current generator. The second output 
of the signal level converter is connected to the channel selector, the l.n outputs of which serve 
as the 1 ji inputs of the analog switch. The third output of the signal level converter is connected 
to the n+\ input of the analog switch, the n+2 input of which is connected to the current 
generator output, while its m+3 input is connected to the sixth control unit output. 

Topical visual field chart correspondence to the sections electrodiagnostically examined is 
depicted in Fig. 1, where ],2n denotes the sections examined and l',2'n 'represents the projected 
correspondence of the elements of an ^-channel electrode to the sections examined. Diagrams of 
stresses within the device's n channels are presented in Fig. 2: a) single biphasal square pulses; 
b) a pulse burst cycle train, and; c) a session, where x" is pulse length, a" is pulse amplitude, N is 
the number of pulses in a burst, M is the number of cycles in a train, and K in the number of 
trains in a session. A graph of the dependence of the electrophosphene origination threshold, A", 
in an n-section upon pulse length, x", is shown in Fig. 3. The dependence of the continuous 
electrophosphene origination threshold, B", in an n-section upon the pulse repetition rate,/, is 
shown in Fig. 4. A diagram of the multichannel electrostimulator for which this application has 
been field is presented in Fig. 5. 

The method is carried out as follows. 

A patient with a retinal and/or optic nerve pathology is neuroophthalmologically examined using 
familiar techniques: visual acuity is determined, a description of the fundus of the eye is 
prepared, the visual fields are studied, the appropriate visual field charts are compiled, and 
functionally intact and functionally depressed sections are highlighted on these charts. ' The 
activity of the functionally intact sections and its conformance to the norm are studied using the 
visual contract perimetry technique. The diagnostic electroexposure of the retinal and optic 
nerve sections is then carried out in the following manner. An n-channel electrode is applied to 
the orbital regional of the eye for a umber of sections selected for examination and it is oriented 
in such a way that the elementary contact surfaces (the channel outputs) projectionally 
correspond to the sections chosen for electrodiagnosis. Each section is studied by feeding single 
biphasal pulses with an amplitude of a" to the appropriate elementary contact of the n-channel 
electrode and determining the dependence of the electrophosphene origination threshold, A", 
upon current pulse length, x". An A" F (x") dependence graph is plotted, x" min , at the minimuni 
possible electrophosphene origination threshold value, A"^ n (see Fig. 3). 



A train of biphasal square current pulses is then delivered and the dependence of the continuous 
electrophosphene origination threshold, B" y upon pulse repetition rate, /, in the presence of a 
selected value for x = const = x" min is studied. A graph of the dependence of B" F (f) at x = x"^ 
is plotted. This graph is used to determine the rate value, / min , that corresponds to the lowest 
continuous electrophosphene original threshold value, 5" min . 

Similar investigations are conducted for all the retinal and optic nerve section, alternately using 
the remaining channels of the /z-channel electrode. 

The data obtained serve as the optimum parameters for therapeutic electroexposures. The extent 
of the correspondence of the £" min , f^ n9 and x* min data obtained to normal electrosensitivity 
parameter values is subsequently determined for each section, whereupon a conclusion is 
reached concerning the extent of functional condition based on electrosensitivity data. 

The functional condition (degree of dysfunction) evaluation data are compared to previously 
obtained perimetry (visual field chart) and visual-contrast perimetry data, whereupon a complex 
conclusion is reached concerning the functional condition of the isolation sections. The 
therapeutic electroexposure sequence is determined based on the extent of the functional 
integrity of the sections. 

Therapeutic electroexposure is successively carried out with trains of biphasal square current 
pulse bursts, starting with the channels that projectionally correspond to the most functionally 
intact retinal and optic nerve sections based on specific previous treatment parameters (£" m in, 
x" mjn , and/min). A treatment session consists of AT pulse burst trains. 

The multichannel electrostimulator contains an electroexposure parameter input unit, 1, a control 
unit, 2, a display unit, 3, an electroexposure parameter storage unit, 4, a mode selection unit, 5, a 
pulse number counter, 6, a clock pulse generator, 7, a cycle shaper, 8, a train shaper, 9, a session 
shaper, 10, a channel connection sequence shaper, 1 1, a pulse shaper 12, a signal level converter, 
13, an amplitude regulator, 14, a current generator, 15, a channel selector, 16, and an analog 
switch, 17, the output of which serve as the device outputs. Electroexposure parameter input unit 
1 contains a keyboard, from which a physician enters the patient code, the x pulse length, pulse 
amplitude, and /pulse repetition rate values, the number of cycles, trains, and bursts, the channel 
number (the elementary electrode number), and the channel connection sequence. 

This multichannel electrostimulator operates in two modes: the "diagnosis" mode and the 
"therapeutic exposure" mode. 

When power is fed to the electrostimulator, electroexposure parameter input unit 1, control unit 
2, display unit 3, parameter storage unit 4, mode selection unit 5, clock pulse generator 7, pulse 
shaper 12, signal level converter 13, amplitude regulator 14, current generator 15, channel 
selector 16, and analog switch 17 are activated. All the parameters and mode are continuously 
reflected on display unit 3. Here, a disable signal is fed from electroexposure parameter input 
unit 1 through control unit 2 to analog switch 17 through its n+3 input, which is the common 
control input that permits (prohibits) the activation of the analog switch channels. 



The "diagnosis" mode is displayed on mode selection unit 5. The physician inputs the initial 
electrodiagnosis parameters from electroexposure parameter input unit 1 through control unit 2 
to storage unit 4: channel number, n = 1, biphasal square pulse length, and amplitude, a. 

An information signal is fed from electroexposure parameter input unit 1 through control unit 2 
to the input of pulse shaper 12, which generates pulses with a predetermined / value, and 
amplitude regulator 14 is simultaneously activated through signal level converter 13. At the 
same time, a signal proceeds from parameter storage unit 4 through control unit 2 and signal 
level converter 13 to channel selected 16, at the first output of which an analog switch 17 first- 
channel selection signal is shaped. Amplitude regulator 14 shapes current generator 15's control 
voltage. Current generator 15 issues predetermined a\ diagnostic electroexposure values at the 
output from input unit 1 for the activated first channel. Here, an enable signal is fed from 
parameter input unit 1 through control unit 2 and through the «+3 input of analog switch 17 for 
its activation, and a signal is fed through analog switch 17 to the first output of the multichannel 
electrode. 

In the event that a single electrophosphene fails to stabilize the patient, the physician establishes 
a higher electroexposure amplitude value from parameter input unit 1 in a similar manner. In the 
event that origination of electrophosphene does stabilize the patient, this electroexposure 
amplitude value is taken as the electrophosphene origination threshold, A\, at a length of x\. 
These diagnostic parameters are recorded in parameter storage unit 4 and in display unit 3. 

The physician increases the pulse length value from parameter input unit 1, which is recorded in 
parameter storage unit 4 as x ] 2 and the process of modifying the amplitude from its initial value 
is repeated until electrophosphene stabilizes the patient, A\. Thus, when the length value and 
amplitude are modified, the parameter values at which an A 1 F (x 1 ) graph can be plotted are 
recorded in display unit 3 and in parameter storage unit 4. Similar operations are carried out for 
the other channels by assigning electroexposure parameter values from parameter input unit 1 
and a series of A n F (x") graphs are obtained, while channel switching is accomplished through 
channel selector 1 6 and analog switch 17. 

From these graphs, the physician selects the minimum pulse length value, t n min , for each channel 
at the minimum possible electrophosphene original threshold value, A n min9 which is entered in 
electroexposure parameter storage unit 4, and a series of diagnostic exposure is carried out at this 
value, which is specific for each channel, at a variable rate,/ To this end, the physician repeats 
the preceding operations in the first channel, but varies the x parameter value, since is has been 
recorded, the/ rate by assigning it from parameter input unit 1 through control unit 2, pulse 
shaper 12, signal level converter 13, and analog switch 17, and fixes the origination of 
continuous electrophosphene in the patient. This amplitude value corresponds to the continuous 
electrophosphene origination threshold, B\. It is recorded in parameter storage unit 4 and is 
reflected on display unit 3. A graph of the B ] F (f) dependence is plotted based on the data 
obtained from a number of measurements. 

Similar operations are carried out for all the channels and B n F (f) graphs are plotted. From 
these graphs, the physician selects the minimum pulse repetition rate value, / min , that 



corresponds to the lowest continuous electrophosphene origination threshold value, 5",™, which 
is entered in parameter storage unit 4. 

After work in the "diagnosis" mode has been completed, a disable signal is fed to the h+3 input 
of analog switch 17. 

The physician brings up the "therapeutic electroexposure" mode on mode selection unit 5. 

Based on a comparison of diagnostic electroexposure results, perimetry data, and visual-contrast 
perimetry data (traditional techniques), an assessment is made of the functional condition of the 
isolated retinal and optical nerve sections, whereupon an electroexposure sequence is identified. 

Using the diagnosis results, data on the number of cycles, trains, and sessions are transferred 
from input unit 1 through control unit 2 to parameter storage unit 4. Information signals proceed 
from the latter to cycle shaper 8, train shaper 9, and session shaper 10, which transmit disable 
and enable signal through control unit 3 to pulse shaper 12. From the keyboard of parameter 
input unit 1, the physician assigns a channel activation sequence, which is transferred through 
control unit 2 to parameter storage unit 4. 

In order to carry out a therapeutic electroexposure, the physician feds a signal from input unit 1 
through control unit 2 and parameter storage unit 4 that activates cycle shaper 8, train shaper 9, 
session shaper 10, pulse number counter 6, and channel connection sequence shaper 11. 
Simultaneously, an enable signal is fed through the n+3 input that activates analog switch 17. 
Here, the channel connection sequence is assigned by channel connection sequence shaper 11, 
which receives a signal from parameter storage unit 4 and shapes control signals for channel 
selector 16 through control unit 2 and signal level converter 13. 

Control unit 2 selects B"^, T n min , and f ^ therapeutic electroexposure parameters for each 
channel from storage unit 4 and shapes control signals for pulse shaper 12 and amplitude 
regulator 14, while pulse number counter 6 selects the number of pulses in a burst. Here, pulse 
shaper 12, cycle shaper 8, train shaper 9, session shaper 10, and amplitude regulator 14 generate 
the appropriate predetermined value at each moment in time. 

Example 1. Male patient K., year of birth (y.o.b.) 1964, was admitted for examination and 
treatment with a diagnosis of optic nerve atrophy as a result of optochiasmal arachnoiditis 
(outpatient chart No. 1 02 dated 4/9/90). 

After suffering a catarrhal disorder of the otorhinolaryngological (ORL) organs in 1983, the 
patient noted the progressive worsening of visual functions in both eyes. Optochiasmal 
arachnoiditis was diagnosed during an examination. A neurosurgical operation aimed at 
adhesiotomy and optic nerve neurolysis was performed in 1984. Despite the surgical and 
subsequent conservative treatment performed, no significant dynamics of the condition of the 
visual functions were observed and they had been noted to stabilize over the past 5 years. 

Upon admission, visual acuity was Vis OD = 0.09-01 uncorrected in the right eye and Vis OS = 
0.01 uncorrected in the left eye. The optical media were transparent. Pupilary reaction to light 



was satisfactory in the right eye and sluggish in the left eye. The optic nerve disks in both eyes 
had become pale and were monotonous, with distinct contours. The nasal half of the disk was 
slightly more pink in the right eye. The retinal vessels were narrow. Nonuniform choroidal 
pigmentation was detected in redless light. The macular areas were smooth, but reflexes were 
detected. There were no nidal changes. Absolute central scotomas were present in the visual 
fields, spanning a range of 8-12° from the point of fixation in the right eye and 15-20° from the 
point of fixation in the left eye. 

Visual-contrast perimetry examinations revealed the absence of the ability to perceive high-rate 
band patterns during the performance of monocular tests in each eye, accompanied by a decrease 
in contrast sensitivity in the intermediate- frequency band (more so in the left eye). 

Electrosensitivity examinations of the visual system using a 9-channel electrode applied to the 
eyelid and orbit of the eye were conducted in different sections of each eye and revealed an 
increase in the sensitivity threshold of the peripheral sections of the visual fields to A = 350 
microamperes (jliA) in the presence of a pulse length of x = 7 milliseconds (msec). In the central 
sections of the visual fields that were covered by scotomas, it was not possible to determine the 
electrophosphene origination thresholds. During an investigation of continuous 
electrophosphene origination thresholds from a pulse repetition rate of / in different visual field 
sections, the following data were obtained: the lowest continuous electrophosphene origination 
threshold was recorded in the temporal visual field regions and came to = 250 jiA at a pulse 
repetition rate of / = 20 hertz (Hz). In the nasal visual field sections, the continuous 
electrophosphene origination threshold value came to B^n = 320 |iA at/= 15 Hz. 

A comparison of the electrodiagnosis results obtained, perimetry data, and visual-contrast 
perimetry data showed a negligible increase in the electrosensitivity thresholds in the retinal and 
optic nerve sections that corresponded to the peripheral visual field regions, as well as the almost 
total absence of electrosensitivity in the central sections of the visual field that topically 
corresponded to the macular region of the retina and the fibers that form the axial optic nerve 
bundle. 

Based on the subject comparison results, therapeutic electroexposure parameters were generated 
and the first 5 sessions were carried out using these parameters. 

The amplitude and pulse repetition rate in each channel corresponded to the minimum rate values 
at the minimum continuous electrophosphene origination threshold previously indicated. Here, 
exposure was carried out with a minimum of 4 pulses in a burst, in 25 cycles, with a total of 5 
trains, starting the exposure from the eye orbit sections that optically corresponded to the 
peripheral visual field sections. 

Following the adjustment of the electrostimulation parameters, to wit, a decrease in 
electroexposure amplitude in both eyes and an increase in the pulse repetition rate with a bundle 
in the exposure channels for the paracentral retinal and optical nerve sections of the left eye, 
another 5 therapeutic sessions were carried out. 



As a result of the electrostimulation treatment performed, the patient's visual acuity increased to 
0.3 uncorrected in the right and to 0.04 in the left eye. The areas of the central scotomas were 
reduced. The electrosensitivity thresholds in the peripheral and paracentral sections of both eyes 
were lowered, with the right eye becoming normal. 

Example 2. Male patient L., y.o.b. 1939 (outpatient chart No. 98 dated 4/9/90) was admitted for 
examination and treatment with a diagnosis of maculodystrophy in both eyes. This patient had 
been on the books of an ophthalmological dispensary and had been a vision group 2 invalid for a 
number of years. 

Courses of conservative therapy were regularly carried out. In 1989, the patient underwent a 
course of therapeutic periorbital electrostimulations of the retina and optic nerves of both eyes in 
the clinic at the Epidemiology and Microbiology Research Institute (EMRI) of the Soviet 
Academy of Medical Sciences (AMS), with a negligible effect. Upon admission, visual acuity in 
the right eye was 0.04 with a correction of -2.5D, while that in the left eye was 0.01 uncorrected. 
The optic nerve disks in the fundus of the eye were monotonous and their borders were distinct. 
The caliber of the vessels was unchanged, but angiotic bands were observed along their course. 
In the macular region of the right eye, there were foci with pigmentation, while chorioretinal foci 
were present in the left eye. There were absolute central scotomas in the visual fields spanning a 
range of 5-10° in the right eye and 10-15° in the left eye. 

A visual-contrast perimetry examination revealed the deterioration of test perception with the 
high-frequency component of the spectrum during the monocular testing of each eye, as well as a 
decrease in the contrast sensitivity of the perception of the intermediate-frequency components 
of the spectrum during the tests performed, with a high degree in the left eye. An investigation 
of visual system electrosensitivity in the w-sections of the orbit of each eye demonstrated almost 
normal sensitivity within the peripheral visual field sections, but the elevation of 
electrophosphene origination thresholds relative to the norm in the paracentral sections. 

Based on the diagnosis results, a therapeutic electroexposure was carried out using the following 
parameters: 3 pulses per burst, 30 cycle, and 4 trains when the repetition rate of the pulses 
delivered to the peripheral sections was 10 Hz and that of the pulses delivered to the paracentral 
sections was 15 Hz, with the value of the amplitudes corresponding to the continuous 
electrophosphene origination thresholds equaling 240 jaA and with a pulse length of 8.5 msec. 

During the course of therapeutic electrostimulations using the exposure parameters generated 
based on the results of diagnostic examinations, visual acuity after 10 session increased to 0.08 
in the right eye and 0.05 in the left eye, with the areas of the central scotomas remaining virtually 
unchanged. The electrophosphene origination thresholds in the paracentral visual field sections 
of both eyes were lowered over the same pulse repetition rate ranges are before treatment. 

The multichannel electrostimulator that supports this method can be put together using the 
following component base. 

Parameter input unit 1 can be created in the form of a keyboard that is connected to the controller 
keyboard, which is created, for example, using microcircuits of the K555 or K580 series. 



Control unit 2, pulse number counter 6, close pulse generator 7, cycle shaper 8, train shaper 9, 
session shaper 10, and channel connection sequence shaper 1 1 can be created using microcircuits 
of the K555 or K580 series. 

Display unit 3 can be created using light-emitting diode (LED) character-synthesizing and matrix 
components, or using liquid-crystal screens. 

Parameter storage unit 4 can be created using a combination of K573 and K537 series 
microcircuits. 

Amplitude regulator 14 can be created using a K572 series microcircuit, signal level converter 13 
and channel selector 16 may be based on K561 series microcircuits, analog switch 17 may be 
based on K590 series microcircuits, and current generator 15 may be based on a field-effect 
transistor. 

The subject method and device facilitate the performance of a diagnostic examination on the 
basis of which optimum parameters are generated for therapeutic electroexposures, making it 
possible to activate functionally depressed structures of the peripheral region of the optic nerve 
network, precluding the overexcitation of nerve structures. This method and device also make it 
possible to adaptively perform an electroexposure, creasing a section preexcitation effect by 
means of successive exposure, starting with the most functionally intact sections. 

Source of Information 
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3. Soviet Inventor's Certificate No. 1448436. "Method for the Restoration of the Optic Nerve". 
House of Sanitary Education (HSE). 
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No. 2093118. Claims 



1 . This method for the restoration of vision when retinal and optic nerve damage is present, 
which includes therapeutic electrostimulation by trains of biphasal square pulse bursts, during 
which isolated sections are diagnosed beforehand, including the compilation of visual field 
charts, and electrostimulation is performed through an electrode applied to the orbital region, is 
distinctive in that the diagnostic electroexposure and therapeutic electrostimulation of retinal and 
optic nerve sections are carried out using a single electrode made with n channels that match the 
number of sections isolated. These isolated sections are diagnosed based on the extent of the 
conformance of their functional integrity to a specific charted visual field and to 
electrosensitivity parameters for diagnostic electroexposure by biphasal square pulses. Here, the 
following therapeutic electrostimulation parameters are determined for each n section: the 
minimum pulse length value at the minimum electrophosphene origination threshold value and 
the pulse repetition rate value that corresponds to the lowest continuous electrophosphene 
origination threshold value at a fixed minimum pulse length value. The therapeutic 
electrostimulation of the isolation sections is then successively carried out using the electric 
current pulse parameters found for each of the n channels. This procedure begins with the most 
functionally intact retinal and optic nerve sections. 

2. The attendant multichannel electrostimulator, which contains a mode selection unit, a 
parameter input unit, a cycle shaper, a train shaper, a session shaper, a pulse number counter, a 
pulse shaper, a signal level converter, a channel selector, a clock pulse generator, a current 
generator, an amplitude regulator, and an analog switch with outputs that serve as the outputs of 
the electrostimulator, is distinctive in that it includes a control unit, a parameter storage unit, a 
display unit, and a channel connection sequence shaper. Here, the output of the parameter input 
unit is connected to the first input of the control unit, the first output of which is connected to the 
input of the pulse shaper, the output of which is connected to the first input of the signal level 
converter. The second control unit output connected to the second input of the signal level 
converter. The third control unit output is connected to the third input of the signal level 
converter. The fourth control unit output is connected to the display unit input. The fifth control 
unit output is connected to the input of the parameter storage unit, the fist output of which is 
connected to the second input of the control unit. The second parameter storage unit output is 
connected through the pulse number counter to the third input of the control unit. The third 
output of the parameter storage unit is connected through the clock pulse generator to the fourth 
input of the control unit. The fourth parameter storage unit output is connected through the cycle 
shaper to the fifth input of the control unit. The fifth output of the parameter storage unit is 
connected through the train shaper to the sixth input of the control unit. The sixth input of the 
parameter storage unit is connected through the session shaper to the seventh input of the control 
unit. The seventh output of the parameter storage unit is connected through the channel 
connection sequence shaper to the eight input of the control unit, the ninth input of which is 
connected to the mode selection unit. The first input of the signal level converter is connected 
through the amplitude regulator to the channel selector, the \-n outputs of which serve as the 1-w 
inputs of the analog switch. The third output of the signal level converter is connected to the /i+l 
input of the analog switch, the «+2 input of which is connected to the output of the current 
generator and the «+3 input of which is connected to the sixth output of the control unit. 
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N22093118. PecfcepaT 

M3o6peTeHne othocmtch k wieAnUMHe, a TOMHee k ocfrraribMorioniM. h 
mo>k6t HawTM nptiMeHeHMe npn AnamocrmKe m jieweHMH 6o/ibHwx c 
noBpeweHMewi cemaTKii m 3pwTejibHoro HepBa. Cnoco6 3aKnK>MaeTca b 
tom, mto npeflBapMTeribHo ocymecTB/iflKyr AwamocTWHecKoe 
3/ieKTpoB03AeiicTBne 6ncJ)a3HbiMn npaMoyro/ibHbtMU MMny/ibcaMM Ha 
BbiAeneHHbie ynacTKM npw noMOiqw MHoroKaHa/ibHoro a/ieiapoAa, 
HaKnaAbiBaeMoro Ha op6wTajibHyK> o6jiacrb. no pe3y/ibTaTaM 
AMamocrviKM npon3BOAflTneMe6Hoe 3neKTpoB03AeMcrBne cepwHMM 
naMen MMnyjibcoB Ha onTMMaribHbix naparweTpax, onpeAe/ieHHbix A"fl 
Ka>KAoro BbiAeneHHoro yMacrKa. flniiTeribHocTb MMnyxibCOB jieMe6Horo 
3/ieKTpoB03AeMCTBMfl cooTBeTCTByeT MUHMManbHOMy nopory 
B03HMKHOBeHMfl 3JieKTpoc|)oc4)eHa y nauneHTa, aMruiMTyAa wvmyjibcoB 
cooTBeTCTByeT MUHUManbHOMy nopory B03HMKHOBeHMfl npepbiBMcroro 
sneKrpocfroccJjeHa na MtiHwwanbHofi MacroTe. JleMe6Hoe 
3jieKrp0B03AewcTBwe ocymecTB/iaioT, HaMMHaa c Han6onee 
4>yHKMHOHanbHO coxpaHeHHbix yqacrKOB. MHoroKana/ibHwii CTWMynflTop, 
ocyLMecTBJiflK)U4HM cnoco6, coAep>KMT 6hok Bbi6opa pe>KMMOB, 6jiok 
BBOAa napatueTpoB, 4)opMnpoBaTenn HMnynbCOB limkhob, cepuft. 
ceaHCOB, CM6THMK KOiinMecTBa MMnynbcoB, npeo6pa30BaTe/ib ypoBH* 
cumanoB, nepeKHKwaTenb KaHa/ioB, reHepaTop TaKTOBbix KMnyjibcoB, 
reHepaTop TOKa, pery/iaTop aiunnHTyAbi w aHa/ioroBbifi khiom, n bwxoaob 
KOToporo «B/iHK)TCfl BbixoAaMM CTHMy/iflTopa. flononHirrenbHO 
ycrpoPicTBO coAepwHT ynpaBWwmnii 6/iok, 6jiok xpaHeHun napaMeTpoB, 
6jiok MHAMKaMMM, cfropwitipoBaTenb noAKHK)MeHn« KaHanoB, coeAMHeHHwe 
onpeAe/ieHHbiM o6pa30M. 2 c. n. (fr-/i bi , 5 hji. 



N22093118. OnucaHue 



M3o6peTeHMe othocmtc* k weAwunHe, TOMHee k o<t>TaxibMOJiorMn t 
HeBponoruM m HewpoxMpypnin, m MO>KeT Haw™ npMMeHeHne npw 
AwamocrwKe w neMeHnw 6o/ibHbix c noBpe>KAeHMeM ceiuarm u 
3pirrejibHoro HepBa. 

KoHcepBaTMBHbie MeTOflbi neMeHMfl nopaxceHna 3pMTenbHbix HepBOB m 
cei^aTKM ABnflioTCT ManoscJxfeeKTMBHbiMM npw THwenbix nopaweHwax 
3pnTexibHoro nyTM. flna neneHMfl Tflwenbix <j)opM naTonornn HepBa 6wjim 
pa3pa6oTaHbi MeTOAbi npaMbix (KOHTaKTHbix) sneicrpocTHMyjiflMHii 
nopa>KeHHbix 3pnTe/ibHbix HepBOB, cnoco6crByK)U4ne ynymueHMio 

npOBOAHMOCTM. 

H3BecTeH cnoco6 npflMOM sneKrpocroMynflMM* 3pwTe/ibHbix HepBOB [1] 
3aK/iK)HaK)Li4MMcn b tom, mto bo BpeMfl HefipoxMpyprimecKOfi onepauMM B 
3pMTe/ibHbie HepBbi MMnnaHTMpyiOTCP aneicrpoAbi, Mepe3 KOTopwe b 
nocneonepaqnoHHOM nepnoAe npon3BOAflT neMe6Hoe B03AeticTBne. 

M3BecTeH cnoco6 [2] He TpeGyiomnw o6wnpHoro HewpoxupyprvwecKoro 
BMeiuaTenbCTBa, npw kotopom noA KomponeM sneicrpoHHO-ormmecKoro 
npeo6pa30BaTe/ifl k 3pnre/ibH0My HepBy b kocthwCi Kanan fioaboaht 
sneiapoAbi, nepe3 KOTopwe ocymecTB/ifliOT jieMe6Hoe 
3neKTpoB03AeMCTBiie cepMflMM 6n4>a3Hbix npflMoyronbHbix MMnyjibCOB 
TOKa. Cnoco6 o6naAaeT oahhm ochobhwm HeAOcraTKOM: ocrraeTCfl 
onacHocrb TpaBMamjauHM cocyAOB peTpo6y/ib6apHOM o6nac™, KpoMe 
Toro, MMnnaHTauMH sneicrpoAOB HenocpeACTBeHHO b 3pHTe/ibHWM HepB 
He no3BOJi»eT ocymecTB/iHTb aneiapocTMMy/iflMMK) cemarm npn 
OAHOBpeMeHHOM ee nopaweHMW co spirreJibHbiM HepBOM. 

nonbiTKM co3AaHHfl wieTOAOB 3JieiapocTMMyjiflL4HM 6e3 xnpyprvwecKoro 
BMeiuaTejibCTBa npwBenw k pa3pa6oTKe m ocymecTB/ieHMio cnoco6a 
HeKOHTaKTHoro (npe3KO?KHoro) nepnop6nTajibHoro snemrpoBOSAeficTBirtH 
Ha 3pnTenbHbie HepBbi m ceTMaTKy [3] npuH^Toro 3a npoTOTMn. 

Cnoco6 ocyiMecTB/ifliOT cneAyioiiuiM o6pa30M. npeABapuTe/ibHO 
onpeAeJiflK>T coxpaneHHwe ywacTKM spMTeiibHoro Hepsa nyTeM 
He(ipooct>TajibMOJiomMecKoro nccneAOBaHUH, m&to{\bmm o6biMHOM v\ 
KBaHTMTaTMBHofi nepwMeTpHM, o4)TajibMOCKonnn. JleMe6HyK) 
sneKTpocTMMynwLiMK) ocymecTB/ifliOT Mpe3K0>KH0 cn^Ayiou4MM o6pa30M: 
Ha BeKO w op6nTy masa HaKnaAbmaioT AwcKOBbie MeTannnMecKne 

3JieKTpOAbJ AHaMeTpOM 3-10 MM, Mepe3 HWX OCyU4eCTBn«K)T B03AeMCTBM51 

cepiiflMM 6n4)a3Hbix npflMoyronbHbix HMnynbcoB TOKa. Cnoco6-npoTOTiin 
MCK/iioMaeT Heo6xoAHMOCTb BBeAeHMH cnei4Ma/ibHbix aneinpoAOB b 
3pwTenbHbiM HepB xnpyprnMecioiM nyTeM, mto CHWKaeT TpaBMaTMMHOcrb, 
a TaioKe pacuwpfleT noKa3aHn« k KnMHunecKOMy npwMeHeHwo, T.e. 
jieMe6Hoe 3JieKTpoB03AeficTBne pacnpocrpaHaeTCfl He To/ibKo Ha 
yMacTKw 3pnTenbHoro HepBa, ho m na ceTMaTKy. 
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Pea/iw30BaTb cnoco6 [3] no3Bon«eT sneicrpocrMMyxiflTop [4] npMHHTWM 3a 
npoTOTMn ycrpowcTBa. MHoroKaHanbHbiw anejopocrnMynflTop coAepwm 
coeAHHeHHwe nocneAOBaTenbHO reHepaiop TaicroBbix wMnynbcoB m 
pa3AennTenbHbiw 6jiok. Yctpomctbo noBbtiuaeT scJx^eicrMBHOCTb 

JieMeHUfl, T.K. n03BOHfleT AMC^^PeHUWpOBaHO B03AeWCTBOBaTb Ha 

ywacTKM 3pnTenbHoro HepBa m cemaTKH, MMeK>mne pasnMMHyio* crreneHb 
naTonornn. fln* 3Toro b Hero BBeAeHbi 6jiok Bbi6opa pewwwoB, 
4)opMnpoBaTenb uhkhob, 4>opMnpoBaTenb cepww, cfeopMiipoBaTejib 
ceaHCOB, CMeTMMK KonidMecTBa MMny/ibCOB, nepeK/iJOMaie/ib KananoB, 
pa3AeniiTenbHbiii 6jiok, flB/iflK>mniicfl npeo6pa30BaTe/ieM ypoBH* 
CMma/iOB, reHepaTop TOKa, pery/iHTop aMnnmyAbi n aHanoroBWM khioh, 
coeAHHeHHbie onpeAeneHHbiwi o6pa30M. 

riepeMMcneHHbie MeTOAbi BoccrraHOBJieHUfl 3peHi4fl, b tom nucne 
npoTOTwn, He yMHTbiBaKrr cjio>khom TonwMecKOM n (|)yHKUMOHanbHOM 
opraHM3ai4nw cemaiKVi v\ 3pnTe/ibHoro HepBa. KpoMe Toro, npw 
naTonomw 3pnTejibHow cwcreMbi cfryHKUHOHanbHafl aKTHBHOCTb 
cymecTBeHHWM o6pa30M w3MeHfleim flpoTOTun onpeAe/ifleT 
nocneAOBaTejibHOCTb nene6Horo 3neKTpoB03AeiiCTBM«, ho b HeM 
OTcyTCTByeT AM4>4)epeHi4i4poBaHHbiM noAXOA k oqenKe 4>yHKUMOHajibHoro 
cocTOflHMfl yMacTKOB ceTMaTKH w 3pnTenbHoro HepBa m, cneAOBaTe/ibHO, 
BO3M0>KHocTb onTWMW3auww neMe£>Horo 3neKTpoB03AeiiCTBMfl, mto AenaeT 

CnOCOS HeAOCTaTOMHO ScjxfreKTllBHblM. 

B ocHOBy M3o6peTeHM« nonoweHa 3aAana co3AaTb 3(J>4)eKTWBHbifi cnoco6 
BocxraHOB/ieHUfl 3peHM« npn noBpe>KAeHnw cemaTKM m 3piuejibHoro 
HepBa, a TaioKe ycTpofiCTBO, peaJiw3yiou4ee cnoco6, KOTopwe no3Bonn/»M 
6w onpeAennTb creneHb (J>yHKUiioHajibHOM aKTMBHOCTM noBpe>KA6HHbix 
yqacTKOB m ocyu4ecTBnflTb A03wpOBaHHoe JieMeSHoe 
3neKrpoB03AeMCTBne Ha BbiAe/ieHHbie yHacrKu, npn stom o6ecneMMBaTb 
nocneAOBaTe/ibHyK) aicrnBai4kiK) y^acTKOB cemaTKM m bohokoh 
3pnTenbHoro HepBa c co3AdHueM neMe6H0w peaiatHW npeAB036y>KAeHMH. 

nocTaB/ieHHafl 3aAana pewae-rca TeM, hto b cnoco6e BOCCTaHOBneHM* 
3peHnn npw noBpeweHUM ceTManai h 3pnTenbHoro HepBa neMe6HOM 
aneicrpocrnMynnqneM cepwaMM naMeK 6n(J)a3Hbix npaMoyro/ibHbix 
MMny/ibcoB, npn kotopom npon3BOA«T npeABapwTenbHoe 
AnarHOCTMpoBaHne BbiAeneHHbix yMacTKOB, BKnKwa* cocTaBneHwe KapT 
no/iefi 3peHw«, a ne^e6ny\o sjieKTpocTMMyjiflmiK) ocymecrB/iflKrr Mepe3 
aneicrpoA, HaKnaAbiBaewibiii Ha op6nTa/ibHyK) o6nacTb, comacHO 
M3o6peTeHMK) AwarHOCTvmecKoe 3neKrpoB03AewcrBMe w nenednyio 
aneicrpocTHMyriflUMK) yMacTKOB cemaTKM w 3pwTe/ibHoro HepBa 
ocymecTBJiHioT Mepe3 oahh sneicrpoA, KOTopbiw BbinanHHioT n- 
KaHaribHbiM no Mwcny BbtAe/ieHHbix yMacTKOB, AnamocrnpyiOT 
BbiAeneHHbie ynacrKM no creneHM cooTBeTCTBMfl mx c|)yHKi4MOHanbHOM 
coxpaHHocrrn. onpeAeneHHOM no KapTaM noneii 3peHHfl, noKa3aien«M 
sneicrpoMyBCTBHTenbHocTM Ha AwarHOCTHMecKoe 3neKrpoB03AeMCTBne 
6n4>a3HbiMM npflMoyrojibHWMii nMnyxibcaMw, npw stom pj\a Ka)KAoro n- 
ynacTKa onpeAenaioT onniMafibHwe napaMeTpw neMe6HOM 
3neKrpocTMMynfli4Mw: MUHMMajibHoe 3HaMeHne AnnTenbHOcrrvi MMny/ibca 
npw MMHHMaxibHO npeAe/ibHOM 3HaMeHnn nopora B03HMKHOBeHMfl 
3JieKTpocj30Cct}eHa, 3HaneHne nacrroTbi cneAOBaHUfl MMnyjibcoB, 
cooTBeTCTByjomew HawwieHbiueMy 3HaMeHMio nopora B03HMKHOBeHn« 
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npepbiBMcrroro aneicrpocfroccfreHa Ha <J)HKCiipoBaHHOM MMHMManbHOM 

3H3MeHMM 14T6J1 b HOCTM MMnynbCa, 33T6M npOM3BOAAT 

nocjieflOBaTe/ibHO jieMe6HyK> ajieicrpocTMMyjiauwK) BbiAeneHHbix 
ywacTKOB Ha HaiiAeHHbix napaivieTpax MMnynbCOB 3/ieinpiiHecKoro TOKa 
Ann Ka>KAoro M3 n KaHanoB, npoijeAypy HaMMHaiOT c Haw6onee 
4>yHKLinoHanbHO coxpaneHHbix ynacTKOB ceTHaTKM m 3ptrrejibHoro HepBa. 

MHoroKaHanbHbiS a/ieiapocTMMyjiflTOp, pea/iM3yK>mMM cnoco6 no n.1, 
coAepmamuM 6jiok Bbi6opa pe>KMMOB, 6jiok bboas napaMeTpoB, 
$opiv»ipoBaTejib LiiiKnoB, 4)opMMpoBaTe/ib cepi/w, 4>opMwpoBaTenb 
ceaHcoB, CMeTMHK Ko/iMMecTBa nwnyribcoB, 4>opMnpoBaTe/ib MMnyribCOB, 
npeo6pa30BaTe/ib ypoBH* cumana, nepeKnjowaTe/ib KdHa/iOB, reHeparop 
TaKTOBbix MMnynbcoB, reHepaTop toio, pery/wrrop aMnnwTyAW h 
aHa/ioroBbiui ktdom c n BbixoAawn, KOTopwe KBrmiOTCfl swxoAaMH 
aneKTpocTMMyjiflTOpa, comacHo M3o6peTeHHK> coAepxau ynpaB/wioiMMM 
6/iok, 6dok xpaHeHna napaMeTpoB, 6tiok HHAHKauvw, 4>opMMpOBaTenb 
nocneAOBaTe/ibHOcrrn noAK/DOMeHtia icaHa/iOB, npn ctom bwxoa 6/iOKa 
BBOAa napaMeTpoB coeA^HeH c nepBbiM bxoaom ynpaBnJwmero 6noKa, 
nepBbifi BbixoA KOToporo coeAHHen c bxoaom cfcopMHpoBaTena 
HMnynbcoB, BbixoA KOToporo coeAHHeH c nepBbiM bxoaom 
npeo6pa30BaTenq ypoBH* cumaxia, BTOpotf bwxoa ynpaBJiflioQ4ero dnoica 
coeAMHeH c BTopbiM bxoaom npeo6pa30BaTena yposH* cumana, Tpemw 
bnxoa ynpaBrmiomero 6noKa coeAHHeH c TpeTbMM bxoaom 
npeo6pa30BaTen« ypoBHfl cumana, MeTBepTbiM BbixoA ynpaB/ifltoujero 
6noKa coeAHHeH c bxoaom 6/ioxa wHAHKauwH, naTbiM buxoa 
ynpaBnfliotAero 6noKa coeAMHeH c bxoaom SriOKa xpaHeHM* napaMeTpoB, 
nepBbift BbixoA KOToporo coeAHHen c BTOpbiM bxoaom ynpaB/iflK>mero 
6noKa, BTopow BbixoA 6/iOKa xpaHeHkm napaMeTpoB sepes cneTMHK 
KO/iMMecTBa MMny/ibcoB coeA^HeH c TpeTbMM bxoaom ynpaBnaiomero 
6/iOKa, TpeTHM BbixoA 6/iOKa xpaHeHun napaMeTpoB sepe3 reHepaTop 
TaicroBbix nMny/ibcoB noAKnioneH k neTBepTOMy BXOAy ynpaBnaiomero 
6noKa, neTBepTbiH bwxoa 6/ioica xpaHeHi/m napaMeTpoB Mepe3 
4>opMnpoBaTe/ib umcnoB noAKJiioHeH k n«TOMy BXOAy ynpaBnntou^ero 
6/ioKa v nflTbiw BbixoA 6/iOKa xpaHeHnw napaMeTpoB Mepe3 
cfcopMnpoBaTenb cepi/iw noAKnioMeH k ujecTOMy BXOAy ynpaBJiaiomero 
6noKa, tuecTow BbixoA 6noKa xpaHeHun napaMeTpoB Mepe3 
cfiopMnpoBaTe/ib ceaHCOB noAKnionen k ceAbMOMy BXOAy ynpaBroromero 
6/iOKa, ceAbMOM buxoa 6noKa xpaHeHun napaMeTpoB sepe3 
cjDopMnpoBaTe/ib nocneAOBaTejibHOCTM noAKmoneHMfl KaHanoB 
noAKnK)MeH k BocbMOMy BXOAy ynpaBnaK>mero 6xi0Ka, Aesnrbm bxoa 
KOToporo coeAMHeH c 6jiokom Bw6opa pexaiMa, nepBbiM buxoa 
npeo6pa30BaTen« ypoBHfl aima/ia qepe3 perynaTop aMnnwTyAbi 
coeAHHeH c ynpaBrmioLMUM bxoaom reHepaTopa TOKa, btopom bwxoa 
npeo6pa30BaTenn ypoBHH cumana coeA^HeH c nepeicnioMaTe/ieM 
KaHanoB, 1.n BbixoAbi KOToporo ABriflioTCfl 1.n bxoaom id aHanoroBoro 
K/iKwa, TpeTOM buxoa npeo6pa30BaTenn ypoBHfl cuma/ia coeAMHeH c 
n+1 bxoaom aHanoroBoro KnioMa, n+2 bxoa KOToporo coeAMHeH c 
BbixoAOM reHepaTopa TOKa, a n+3 bxoa c LuecrrbiM bwxoaom 
ynpaBJiflioiAero 6noKa. 

Ha <t>wr. 1 M3o6pa>KeHO TontmecKoe cooTBeTCTBMe KapTw no/ia 3peHM« 
aneiopoAMarHOCTviMecKM nccneAyeMWM yMacncaM, rAe 1 t 2.n 
nccneAyeMbie yqacrKM, V^'.n' npoeioiMOHHoe cooTBeTcrene 3/ieMeHTOB 
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n-KaHaxibHoro sneiapoAa HccneAyeMWM yMacTxaM; Ha <t>nr.2 
npeAcraB/ieHbi aniopw HanpnweHHii Ha n Kana/iax ycTpowcxBa: a) 
OAMHOMHbie 6n4)a3Hbie npflwoyroribHbie MwinyjibCbi, 6) cepwi umkhob 
nanex nMny/ibcoB, b) ceaHC, rAe t" AJiMTe/ibHOCTb wwnynbca, a n - 

aiwin/iHTyAa MMny/ibca, N Ko/inMecTBO nMny/ibcoB b nam<e t M KonnHecTBo 
liukjiob b cepnw, K Ko/iHMecTBo cepnii b ceaHce; Ha 4>Mr.3 rpacJwK 
3aBMCMMOCTM b n-yMacnce nopora A n B03HMKHOBeHMfl 3neKTpo4>oc<t>eHa 
ot AnHT&nbHocni MMny/ibca T n ; Ha 4>nr.4 rpac|)MK 3aBMCMMOCTM b n- 

yMacTKe nopora B n B03HHKHOBeHHH npepbiBucrroro a/ieinpocfcoafceHa ot 
MacTOTbi f° cneAOBannfl MMny/ibCOB; Ha 4>nr.5 cxeivia 3aflBJi*eMoro 
MHoroKaHanbHoro 3neicrpoc™My/iflTopa. 

Cnoco6 peajiM3yeTC« cneAyiomMM o6pa30M. 

HaMneHTa c naTO/iorwefi cemarm m/mjih 3pnTenbHoro nepBa o6cneAyiOT 
Hewpooc^TanbMO/iornMecKH n3BecTHbiMM MeTOAaMn: onpeAermioT 
ocxpoTy 3peHM«, npoBOA^T onucaHne ma3Horo Ana, nccneAyiOT nona 
3peHMfl, cocTaBnflK)T cooTBeTCTByioiMMe KapTbi none* 3peHMfl h 
BbiAenflKDT na hiix cfcy h K14M oHa n bHO coxpaHeHHwe m c^yHKUMOHa/ibHo 
ymeTeHHbie yMacnui. HccneAyKrr axTMBHOCTb 4>yHKunoHanbHO 
coxpaHeHHbix yMacTKOB mctoaom BH30KOHTpacronepMMeTpnn w ee 
cooTBeTCTBue HOpwie. flaxiee ocymecrBJiniOT AnamocnmecKoe 
3neKTpoB03AeMCTBwe Ha yMacTKvi cevAaiwi n 3pwTeribHoro nepBa 
cneAyK)U4MM o6pa30M. Ha op6nTanbHyio o6/iacrb rna3a HaicnaAbiBajoT n- 
KaHa/ibHbiM 3neiapoA no Hwcny BbiSpaHHbix a^« ncc/ieAOBaHM« ynacTKOB 
h opiieHTwpyiOT ero tbkmm o6pa30M, mo6bi 3/ieMeHTapHbie KOHTaKTHbie 
noBepxHocru (BbixoAW KaHanoB) npoeKuwoHHO cooTBeTCTBOBanw 

Bbl6p3HHblM A™ SJieKTpOAHarHOCTMKM yMaCTIOM. Ka>KAblM yMacroK 

nccneAyK>T, noAaBaa 6n4>a3Hbie oAWHOWHbie MMnyjibcw aMnnmyAow a n 
Ha cooTBeTCTByiomMM 3JieMeHTapHbiM KOHTaicr n-KaHa/ibHoro sneinpoAa n 
onpeAenflK)T 3aBncwMOCTb nopora A n BO3HMKH0BeHUfl sneicrpocfeoccfeeHa 

OT A^HT^bHOCTH T° HMny/lbCa TOKa. CTpO«T rpac})MK 3aBMCMMOCTH A n F ( 

T n ) m no HeMy onpeAe/iflK)T MMHwviajibHoe 3HaMeHne AnwTenbHoc™ T" min 
MMnynbca npw MMHuwia/ibHo npeAeibHOM 3naHeHMM nopora A n min 
B03HHKH0BeHM« sneiopocfcoccfeeHa (cm. <Jwr.3). 

flanee noAa»OT cepnw 6nc£a3Hbix npaMoyro/ibHbix MMnynbcoB TOtca w 
wccneAyiOT 3aBncMM0CTb nopora B n B03HHKHOBeHii« npepbiBwcrroro 
3neKTpoc|>occ|)eHa ot MacroTbi f 1 cneAOBaHHfl wwiny/ibCOB npw Bw6paHHOM 
T=const=r n mjn . Ctpoat rpa4)MK 3aBKciiMOCTM B n F (f 1 ) npw T=T n min . no 
rpa<t>w<y onpeAen«K)T 3HaMeHMe MacroTbi f n min> cooTBeTCTBy 10 \ixbv\ 
HanwieHbiueMy 3HaMeHMK> nopora B n mjn B03HMKHOBeHnq npepbiBucrroro 
3neKTpoct5oc<|5eHa. ' 

AHa/ioniMHbie Mcc/ieAOBanvifl npoBOA«T na Bcex yMacmcax ceTMaTKM m 
3pwTejibHoro HepBa, nooMepeAHo wcnonb3yfl ocra^bHbie KaHa/ibi n- 
KaHanbHoro aneiapoAa. 
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(lonyMeHHbie AaHHbie ABJiaiOTCfl onTwviajibHbiMH napaMeTpawiH 
neMe6Hbix 3JieKTpoB03AeMCTBMw. fla/iee a*i* Ka>Kfloro ynacTKa 
onpefle/iflK)T creneHb cooTBeTCTBHH nonyseHHWx flaHHwx 
B n mjn ,f n mjn <IMG SRC= M http://www.fips.ru/chr/964.gir 

ALIGN=ABSMIDDLE> n min noKa3aTexi«M sjieKTpoMyBCTBWTeJibHocrw b 

Hopivie m AenaiOT bwboa o creneHM 0yHKunoHanbHoro cocroaHM* no 
AaHHbiM aneicrpoMyBCTBHTeribHOCTM. 

ConocraB/iflioT AaHHbie oqeHKM c})yHKUMOHa^bHoro cocrofiHMfl (creneHb 
Anc<t>yHKqnM) c no/iyMeHHbiMM paHee AaHHWMM nepMiwieTpwn (KapTbi 
noneu 3peHwp) m BusoKOHTpacTonepuMeTpnn m RenaiOT KOMruieKCHoe 
3aioiiOMeHMe o cfeyHKMMOHanbHOM coctoahmm BWAeneHHbix ynacTKOB. no 
creneHM <t>yHKi4MOHajibHOM coxpaHHOCTM ynacrKOB onpeAenflK>T 
onepeAHocTb nene6Horo 3/ieicrpoB03AeMCTBMH. 

J1eMe6Hoe 3JieKrpoB03AeMCTBMe npoBOAflT nocneAOBaTenbHO cepwyiMn 
naweK 6w<J)a3Hbix npaMoyro/ibHbix MMny/ibcoB TOKa, HaMMHaa c KaHanoB, 
npoeKUHOHHo cooTBeTCTBywiMMX Han6o/iee 4>yHKi4M0HanbH0 
coxpdHeHHbiM ywacTKaM cei^aTKM m 3pnTenbHoro HepBa Ha 

onpeAe/ieHHbix panee jieHe6Hbix napawieTpax ( Bn m i n » Tn min^min)' ^ eaHC 

neweHMfl coctomt H3 K cepm naneic HMny/ibcoB. 

MHoroKaHanbHbiM ajieicrpocrnMyjiHTop coAepwMT 6noK 1 BBOAa 
napawieTpoB 3neicrpoB03AeMCTBMfl, ynpaBJi*K)U4MM 6jiok 2, 6hok 3 
nHAWKauMH, 6jiok 4 xpaHeHiifl napaMeTpoB snexTpOBosAeMcrBMii , 6jiok 5 
Bbi6opa pe>KMMa, CMeTVMK 6 KonimecrBa MMny/ibcoB, reHepaTop 7 
TaKTOBbix MMny/ibcoB, 4>opMMpoBaTenb unioiOB 8, cepMM 9, ceaHCOB 10, 
c^opis/inpoBaTe/ib 11 nocneAOBaTe/ibHocTn noAfcniOHeHMfl KaHanoB, 
cfcopMnpoBaie/ib 12 HMnynbcoB, npeo6pa30BaTe/ib 13 ypoBHfl cwmaxioB, 
perynflTop 14 aMnnnTyAbi, reHepaTop 15 Toxa, nepeKroonaTenb 16 
KaHanoB, anaxioroBbiM khkjm 17, BbixoAbi KOToporo mnsuorcn BbixoAaMM 
ycrpoiicTBa. BnoK 1 bboa3 napaMeTpoB 3JieKrpoB03AeMCTBMfl coAepacMT 
KnaBiiaTypy, c kotopom BpaM bboaht koa nauMewa, 3HaseHM* 
AnnTe/ibHOCTM t uwiny/ibca, awinnwTyAy a nwinynbca, Hacroiy f 
c/ieAOBaHHH MMnynbCOB, KOJinnecrBO unicnoB, cepwfi, naneK, HOMep 
KaHana (HOMep sneMem-apHoro sneicrpoAa) m nocneAOBaTe/ibHOCTb 
noAKJiJOHeHiiH KaHanoB. 

MHoroKaHanbHbiiS aneKTpocTMMyjiflTop pa6oTaeT b AByx peaoiMax: 
pewMMe "AwarHocrMKa" m peaoiMe "neHe6Hoe B03AeMCTBne". 

ripn noAa^e nmaHMfl Ha sneicrpocrMMynflTop BiouoHaeTC* 6jiok 1 BBOAa 
napaweTpoB 3JieKrpoB03AeMCTBMH, ynpaB/iflioiuMM 6jiok 2, 6hok 3 
HHAHKauun, 6/iok 4 xpaHeHUfl napaMeTpoB, 6jiok 5 Bbi6opa peacMMa, 
reHepaTop 7 TaKTOBbix MiwnynbCOB, <J>opMMpoBaTenb 12 MMnynbCOB, 
npeo6pa30BaTe/ib 13 ypoBH* cuma/ia, perynarop 14 aMnjinryAW, 
reHepaTop 15TOKa, nepeioiioMaTejib 16 KaHanoB, aHanoroBbifi icniOM 17. 
Bee napawieTpbi n pewMMbi nocroflHHO OTpa)KaioTCfl Ha 6noKe 3 
i4HA^Kauni4. ripn 3tom c 6noKa BBOAa 1 napaMeTpoB 
3neKTpOB03AevicTBbifi Mepe3 ynpaBnnioutMM 6jiok 2 noAaeTcn 
3anpeu4aK>mnw cwman Ha aHanoroBWft icnwM 17 Mepe3 ero bxoa n+3, 
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KOTopbiw AB/ifleTCH o6lahm ynpaB/ifljomiiM bxoaom, pa3pewaK)mnM 
(3anpeu4aK)LMMM) BxnKweHMe xaHanoB ananoroBoro Kmona. 

Pe>KMM "AMamocTHKa" BWCTaBnaeTca Ha 6noxe 5 Bbi6opa peaoiMa. Bpan 
c 6noxa 1 bboas napaMeTpoB 3neKTpoB03AeiicTBMfl qepe3 ynpasnaiomMii 
6jiok 2 bboaut b 6/iok 4 xpaHeHiia ncxoAHwe napaMeTpw 
3/ieirrpoAMarHOCTHKM: HOMep KaHana n=1, anmenbHocrb 1 6n<J>a3Horo 
np^MoyronbHoro MMnyjibca, aMnnnTyAy a. 

C 6/ioxa 1 BBOAa napaMeTpoB 3nexTpoB03AeMCTBM* nepe3 ynpaBnflK)mnii 
6jiok 2 noAaeTca MHcfcopMaMMOHHbiM cuman Ha bxoa 4>opMnpoBaTen* 12 
MMny/ibcoB, KOTopbiM reHepwpyeT MMnynbcw 33A3hhow t m OAHOBpeMeHHO 
nepe3 npeo6pa30BaTerib 13 ypoBHH cwmana BKnKwaeTca perynjrrop 14 
awin/inTyAbi. B tot we mombht W3 6noxa xpaHeHnw 4 napaMeTpoB Mepe3 
ynpaB/iflK)uunp! 6nox 2 n npeo6pa30BaTenb 13 ypoBHfl cwmanoB 
nocTynaeT cuman k nepexnioMaTento 16 KaHanoB, Ha nepBOM BbixoAe 
KOToporo cfcopMwpyeTc* cuman Bbi6opa nepBoro xaHana aHanoroBoro 
KnKDMa 17. PerynflTop 14 awinnnTyAbi <J>opMMpyeT HanpaweHMe 
ynpaBneHMfl reHeparopa 15 Toxa. TeHepaTop 15 Toxa BbiAaeT Ha BbixoAe 
3aAaHHbie c 6noxa 1 BBOAa 3H3MeHMfl aMnnuryAbi AnamocrvmecKoro 

3nexrpoB03AeMCTBMfl Ha BKniOMeHHbiM nepBbiti xaHan. flpn otom c 6noxa 
1 BBOAa napaMeTpoB Mepe3 ynpaBnaiotMuft 6nox 2 noAaeTCfl 
pa3peiuaK)U4Mfi cuman Mepe3 n+3 bxoa aHanoroBoro xniona 17 Ha ero 
BxnioMeHne h Mepe3 aHanoroBbiM xnxw 17 noAaeTC* cuman Ha nepBbm 
bwxoa MHoroxananbHoro snexrpoAa. 

B cnynae HecJwKcauwM namieHTOM oahhomhoto anexTpo^oafceHa BpaM c 
6noKa 1 BBOAa napaMeTpoB aHanorviMHbiM o6pa30M ycraHaBnuBaeT 
6onbiuee 3HaMeHwe aMnnmyAW 3neicrpoB03AeiiCTBHH. B cnyMae 
<£iixcai4Mii nat4neHTOM noaBneHM* 3nexTpocJ)occJ>eHa sto 3HaneHMe 
aivmnHTyAbi 3neKTpoB03AeMCTBM» npuHMMaeTCfl xax nopor 

B03HMXH0BeHMfl 3neXTpOCt)OCC})eHa Ha A^MTenbHOCTHT 1 r 3tm 

AMamocTMMecxwe napawieTpbi cfcMxcwpyiOTCfl b 6noKe 4 xpaHeHM* 
napaMeTpoB m b 6noxe 3 MHAHKaunn. 

C 6noxa bboa3 1 napaMeTpoB BpaM yBenimnBaeT 3HaMeHi/ie 
AnMTenbHOcru MMnynbca, KOTopoe <£tixctipyeTCfl b 6noxe 4 xpaHenwp 
napaMeTpoB KaxT 1 2 , w Ha 3tom 3HaMeHiw noBTopaeT npouecc 
M3MeHeHMfl aMnnnTyAbi c ee HawanbHoro 3HaMeHna ao MOMeHTa 
(JwxcauHM nauweHTOM sneicrpocfcoccfeeHa A 1 2 . TaxMM o6pa30M, npw 

M3MeHeHMM 3HaMeHiia AnnTenbHocTM h aMnnirryAbi Ha 6noxe 3 
MHAHxauHM h b 6noxe 4 xpaHeHM* napaMeTpoB ct>nxcnpyK>TC« BennMnnw, 
no xoTopwM mo>kho nocrpoHTb rpacfniK A 1 F (x 1 ). AHanorviMHbie 
onepaunH npoM3BOA*T Ann APymx KaHanoB, 3aAaBan 3HaMeHn« 
napaMeTpoB 3nexTpoB03AeftcTBW* c 6noKa 1 bboa3 napaMeTpoB, m 
nonyMatoT cepnx) rpacfwKOB A n F (T n ), a nepexnwMeHwe KaHanoB 

ocyu4ecTBn«K)T Mepe3 nepexnioMaTenb 16 xaHanoB n aHanoroBbiw xniOM 
17. 
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Bpaw Bbi6npaeT n3 rpacfwKOB ah* Kax<Aoro KaHana MMHMManbHoe 
3HaMeHne AnnTe/ibHocru MMnyxibca t n mjn npw MMHMMa/ibHO npeAenbHOM 

3HaHeHMM nopora A n m|n bo3hmkhob6hh^ 3/ieKTpo<J>occJ)eHa, KOTOpbiM 

3aH0CWTca b 6jiok 4 xpaHeHH* napaMeTpoB 3/ieKTpoB03AeMCTBMP, m Ha 
3tom 3HaMeHMM, onpeAeneHHOM pj\* Ka>KAoro KaHana, npon3BOAHT cepwo 
AwarHOCTMMecKwx BOSAewcTBMii Ha M3MeHflK)mewc* qacroTe f. Ana 3Toro 
Bpaw noBTopneT npeAbiAymwe onepaunn na nepBOM KaHane, ho 
M3MeHJieT He t t. k. oho (^MKCupoBaHo, a MacroTy f\ 3aAaBa* ee c 6/ioKa 

1 BBOAa napaMeTpoB Mepe3 ynpaBrmjomMu 6/iok 2, cfcopMMpoBaTe/ib 12 
MMnynbcoB, npeo6pa30BaTe/ib 13 ypoBH* cumanoB m aHanoroBbifi khiom 
17, h cjDMKCupyeT noflB/ieHne npepbiBucrroro sneicrpocfroccfceHa y 
naqMeHTa. 3to 3HaMeHne aMn/itrryAw cooTBeTCTByeT nopory 

B03HWKH0BeHHfl npepblBMCTOrO 3JieKTp04>0CCj)eHa B 1 1f OHO (|)MKCMpyeTCfl 

b 6/ioKe 4 xpaHeHMfl napaMeTpoB m OTpawaeTcn Ha 6/iOKe 3 MHAHKaunw. 
no nojiynenHbiM AaHHbiM pjyja M3MepeHHM crrpoflT rpacfwK 3aBMCMMOcrn 

B 1 F(f 1 ). 

AHa/iorMMHbie onepauwn npoBOA*T aha Bcex KaHanoB m crpoflT rpacfewai 
B n F (f 1 ). BpaM Bbi6npaeT W3 rpacfeHKOB 3HaMeHne MMHiiMa^bHOM MacTOTbi 
f 1 ^ cneAOBaHMfl MMny/ibcoB, cooTBeTCTByiomee HaMMeHbiueMy 

3HaMeHMK> nopora B n min B03HHKH0BeHHH npepbiBucrroro 
sneicrpo^occfceHa, KOTopoe 3aHOCWTCfl b 6jiok 4 xpaHeHHfl napaMeTpoB. 

ripw OKOHMaHMM pa6oTbi b pe>KHMe "AwarHOCTUKa 1 * Ha n+3 bxoa 
aHanoroBoro KntOMa 17 noAaeTC* 3anpemaK)iAMM cHraan. 

Bpan Ha 6noKe 5 Bbi6opa pe>KHMa BbicrraBnfleT pe>KMM "neMe6Hoe 
3neKTpoB03AeMCTBne°. 

Ha 0CH0B3HHM conoCTaBJieHMfl pesy/ibTaTOB AMamocnmecKHx 

3neKTpOB03AetlCTBMM C ASHHblMM PepilMeTpMH M 

BM30KOHTpaCTOnepMMeTpMM (TpaAMMMOHHbie MeTOAbt) npOM3BOAWTCfl 

oueHKa 4>yHKMkiOHa/ibHoro coctohhh* Bbme/ieHHbix yMacTKOB ce*maTKM u 
3pnTenbHoro HepBa m onpeAexineTCfl nocneAOBaTe/ibHOCTb 

3JieKTpOB03AeWCTBMfl. 

no pe3y/ibTaTaM AMamocTWKM c 6noica 1 BBOAa Mepe3 ynpaBJiflioii4HM 
6jiok 2 3aHOCflTCfl AaHHbie no KonnnecTBy uhkhob, cepurt, ceaHCOB b 6hok 
4 xpaHeHMfl napaMeTpoB. Or Hero nocrynaKrr CMmanu MHC^opMaMnn b 
<|>opMHpoBaTejib mmktiob 8, cepnw 9, ceaHCOB 10, KOTopwe AaK)T Mepe3 
ynpaB/i«K)U4Mi4 6jiok 3 3anpemaK)LHwe n pa3peujaiomiie cumanbt 
0opMnpoBaTenK) 12 MMnyribCOB. C KnaBnaTypw 6/ioica 1 BBOAa 
napaMeTpoB Bpan 3aAaeT nocneAOBaTeribHOCTb BKmoMeHun KaHanoB, 
KOTopafl Mepe3 ynpaB/iaiomMW 6noK 2 3aHOCMTca b 6/iok 4 xpaneHM* 
napaMeTpoB. 

fl/ifl ocymecTB/ieHMfl /ieMe6Horo 3/ieKTpoB03AefiCTBHfl BpdM c 6noKa 1 
BBOAa Mepe3 ynpaBn«K)iMHM 6/iok 2 m 6jiok 4 xpaHeHM* napaMeTpoB 
noAaeT cwman Ha BKnwMeHne (J)opMMpOBaTenfl mmioiob 8, cepwii 9, 



ceaHCOB 10, CMemnKa 6 Ko/iMMecTBa MMnynbCOB n 4>opMnpoBaTejib 11 
nocneAOBaTe/ibHocTM noAK/WMeHtifl Kana/ioB. OAHOBpeivteHHO nepe3 
bxoa n+3 noAaeTCfl pa3peujaK>mwii cuman Ha BWiKwemie aHanoroBoro 
K/iK)Ha 17. npn 3TOM nocneAOBaTenbHOCTb noAKnioMeHMn KaHanoB 
3aAaercfl 4)opMnpoBaTeneM 1 1 nocneAOBaie/ibHOCTii noAK/iioweHMfl 
KaHanoB, KOTopbm no/iyMaeT cwma/i M3 6xiOKa 4 xpaHeHMfl napaMeTpoB m 
Mepe3 ynpaBJiflKDimiM 6/iok 2 h npeo6pa30BaTenb 13 ypoBHfl cumanoB 
4)opMnpyeT ynpaBJiflK>mne cuma/ibi Ha nepeicnKwaiefib 16 KananoB. 

flna Ka>KAoro KaHana ynpaBnflromiw 6hok 2 M3 6/iOKa 4 xpaHeHW? 
Bw6wpaeT napawteTpbi jieHe6Horo 3neKTpoB03AewcTBw« B n mjn ,T n min ,f n in j n 
h 4)opMnpyeT ynpaBn«K>mne cumajibi a^* 4>opMiipoBaTeJiH 12 
MMny/ibCOB n pery/iHTopa 14 awin/iMTyAbi, a cmbtmmk 6 KOJinnecrBa 
MMny/ibcoB Bbi6wpaeT Konmecrso MMnynbcoB b nam<e, npw stom 
(J)opiviMpoBaTeJiM MMnyribcoB 12, mmkjiob 8, cepww 9, ceaHCOB 10 m 
perynPTop 14 aMn/iiuyAbi b K3Mj\b\v\ MowieHT BpeMeHM 0Tpa6aTbiBai0T 
cooTBeTCTByjomee 3aAaHHoe 3HaMeHne. 

(IpuMep 1. BonbHoPi K. 1964 r.p. nocTynmi a/i* o6c/ieAOBaHHfl m nevema 
c AMamo30M aTpocJwfl 3pnrenbHbix HepBOB BcneACTBue 
onTOXMa3ManbHoro apaxHOMAma (aM6yjiaTopHan KapTa N 102 ot 9.04.90 
r-). 

B 1983 r. nocne nepeHeceHHoro npocrryAHoro 3a6oneBaHvw JlOP- 
opraHOB 6oribHoii oTMeTun nporpeccwBHoe yxyAiueHMe 3pMTenbHbix 
(J)yHKLiMM o6onx rjia3. ripn o6c/ieAOBaHiw 6bin AnamocTMpoBaH 
om-oxna3MaJibHbiii apaxHOMAUT * b 1984 roAy nposeAeHa 
HewpoxupyprnMecKafl onepauwa no pacceMeHwo cnaeK m HeBpoxiw3y 
3pnTeribHbix HepBOB. HecMOTpn na npoBOAMBweec* onepaTMBHoe m 
nocneAOBaBiuee KOHcepBaTMBHoe neMeHne, cymecTBSHHOM ahh3mhkh 

COCTOflHMfl 3pMTeJlbHblX (JtyHKMMfi He Ha6/iK)Aajiocb, a Ha npOTfDKeHMM 

nocneAHnx 5 ner 6bma OTMeneHa v\x cTa6miii3aLLna. 

npn nocrryruieHww ocrrpoTa 3peHM« npaBoro ma3a Vis OD=0,09-0,1 He 
Kopp. JieBoro ma3a Vis OS=0,01 He Kopp. OnTHMecKne cpeAw 
npo3paMHbie. PeaKUMn 3paMKOB Ha cBeT: npaBoro ma3a 
yAOB/ieTBopnTejibHan, JieBoro ma3a Bwnafl. Amckm 3pnTe/ibHbix HepBOB 
o6omx ma3 c no6neAHeHneM, oAHOTOHHbie, c MeTKWMM KOHiypawiM. Ha 
npaBOM rna3y HocoBaa nonoBMHa A^CKa MyTb po30Bee. CocyAW ceTnaTKW 
y3Kne. B 6ecKpacHOM cBeTe onpeAen*eTC* HepaBHOwepHaa 
nurMeHTaunfl xopnonAen. MaKynnpHbie 30hw cmaweHbi, ho pecfwieKCbi 
onpeAenfliOTCfl. OwaroBbix M3MeHeHMw HeT. B nonax 3peHHH a6cojiK>THbie 
ueHTpanbHbie ckotomw: Ha npaBbiw ma3 b npeAe/iax 8-12° ot tomkm 

(jDMKCaUMH, Ha JieBblM 15-20° OT TOma! C^WKCaUMM. 

Bn30KOHTpacTHonepnMeTpnMecKne HccneAOBaHHH noKa3ann OTcyTCTBue 
cnoco6HOCTM BoenpwHMMaTb peiueTKM BbicoKOMacroTHoro Awana30Ha npw 
MOHOKynnpHOM npeA*b*BJieHUi/i TecroB Ha Ka>^AbiM rna3, yMeHbtueHMe 
KOHTpacTHoCi MyBCTBMTenbHOCTM b cpeAHeMacxoTHOM Anana30He 
(6ojibLue Ha neBbm rna3). 

HccneAOBaHMfl aneKTpoMyBCTBMTenbHOcru 3pnTe/ibHoii cucTeMbi c 
Mcnojib30BaHweM 9-KaHanbHoro aneicrpoAa, HanoKeHHoro Ha Beno n 
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op6nTy ma3a, npoBOA^HCb b pa3JWMHbix yMacrrKax Ka>KAoro r/ia3a m 
noKa3ann noBbiweHiie nopora HyBCTBWTenbHocTM nepn<jiepimecKwx 

yMacTKOB noneti 3peHM5i flo A=350 mkA npn AJinTe/ibHocTM wMny/ibca t 7 

mc. B qeHTpanbHbix yMacTKax no/ia 3peHUH, 3aKpbiTbix CKOTOMaMM, 
onpeAemrrb noporvi B03HMKHOBeHMfl 3/ieKTpocJ)oc4>eHOB He yAanocb. ripii 
nccneAOBaHMn noporoB B03HMKH0BeHna npepbiBucroro 3iieicrpoc|)occ|}eHa 
ot MacroTW f c/ieAOBaHM^ MMnynbcoB b pa3nwMHbix yMacTKax no/ia 
3peHHA 6binn nonyneHbi cneAyK>mne A^HHbie: HanMeHbtuuM nopor 
B03HHKHOBeHM« npepbiBMCToro 3/ieKTpoc|>oc4>eHa 6bli1 3acJ)HKCMpOBaH B 
BMCOMHbix o6nacrflx norm 3peHna w cocTaBwi B min =250 mkA npw Macroie 

cneAOBaHUP MMnynbca f=20 Tlj. B hocobwx yMacrrKax non* 3peHw* 
3HaHeHne nopora B03HMKH0BeHw« npepbiBMCToro 3JieKTpo4>oc(t>eHa 
cocrraBMno B min =320 mkA npH f=15 Tq. 

ConocTaBneHue nonyMeHHbix pe3ynbTaT0B sneKipoAHamocTHKM c 

AaHHbIMM nepHMeTpHH H BM30KOHTpaCTOnepMMeTpMM BbJflBUnO 

He3HaMMTeribHoe yBennneHMe noporoB 3neKTpoMyBCTBMTe/ibHOcrvi b 
ynacTKax ce-ma-noi m 3pvrrejibHoro HepBa, cooTBeTCTByK>u4HX 
nepwcfeepMMecKMM o6nacroM nonew 3peHn*, n npaKTuqecKw no/woe 
OTcyTCTBwe sneiapoHyBCTBiiTejibHOCTii b ueHTpanbHbix yMacncax nona 
3peHM«, TonnMecKM cooTBeTCTByK>mero MaKynflpHOfi o6nacTM cei^aTKM m 
BonoKHaM, o6pa3yK)U4MM aKcua/ibHbiw nyqoK 3pnTenbHoro HepBa. 

Ha ocHOBe pe3ynbTaT0B cpaBHeHup ccf>opMwpoBann napaMeTpw 
neneGHbix 3JieKTpoB03AertcTBtiw m nepBbie 5 ceaHCOB npoBOAnnn Ha stmx 
napaMeTpax. 

AMnnmyAa h MacrroTa cneAOBaHM« MMnynbcoB no Ka>KA0wiy KaHa^y 

COOTBeTCTBOBanH MMHUMaJlbHbtM 3HaMeHH«M MaCTOTbf npii MMHMMa/lbHOM 

3H3MeHnn nopora B03HHKHOBeHMH npepbiBMCToro 3Jieicrpo<t)Oc4)eHa, 
yKa33HHOM Bbiue. npw 3tom B03A6wcTBne npoBOAWiM npw KonimecTBe 
MMnynbcoB b namce 4, KonnMecTBe mukhob 25 npn o6uieM KO/iimecTBe 
cepnw 5, HamiHafl B03AeficTBMe c ynacTKOB opSnTbi ma3a, TonnMecKH 
C00TBeTCTByK)U4i4x nepwcfeepMMecKMM ysacTKaM nonew 3peHMH. 

rioc/ie KoppeKxupoBKH napawieTpoB aneicrpocTMMyjifluvw, a wweHHo 
yMeHbiueHUfl aMnjiwryAbi 3neiopoB03AeficTBiifl Ha o6a ma3a m 
yBennMeHUfl nacTOTbi cneAOBaHkm wwnyjibcoB b nanne b KaHanax 
B03AewcTBnfl Ha napaMempa/ibHbie yMacrKw ceTMaTKM w 3pMTenbHoro 
HepBa jiesoro rna3a, 6bmo npoBeAeHo eme 5 neMe6Hwx ceaHCOB. 

B pe3ynbTaTe npoBeAeHHoro aneicrpocroMynflUMOHHoro nevenvia y 
naqneHTa noBbicunacb ocrrpoTa 3peHMfl Ha npaBbiu mas ao 0,3 He Kopp. 
jieBoro rna3a ao 0,04. YMeHbwunHCb nnomaAM MeHTpanbHWX ckotom, 

CHM3M/lMCb nOpOITI 3JieKTp0MyBCTBMTenbH0CTM B nepnc|)epMMecKMx n 

napaqeHTpajibHbix ynacTKax o6onx rna3, npuneM Ha npaBbin ma3 ao 

HOpMbl. 

□pnwiep 2. BonbHOM J1. 1939 r.p. (aM6ynaTopHafl KapTa N 98 ot 9.04.90) 
nocTynun atia o6c/ieAOBaHMfl m neMeHWA c Anamo30M MaKyjioAHCTpoctHifl 
o6omx rna3. nauneHT Ha npOTWKeHwi p«Aa ^©t coctomt Ha 
AncnaHcepHOM yneTe y OKynncrra, nHBa/iwA 2 rpynnw no 3peHHK>. 
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PeryjiapHO npoxoAHT Kypcw KOHcepBaTWBHofi Tepannw. B 1989 rofly 
npoxoAwi icypc neMe6Hbix nepwop6nTanbHbix sxieinpocTviMyjiflLiMfi 
ceTnaTKH m 3pnTe/ibHbix HepBOB o6owx ma3 b KnuHMKe HMH3M AMH 
CCCP c He3Ha4WTenbHbiM 34>4>eiaoM. flpn nocryn/ieHMM ocrpoTa 3peHna 
npaBoro ma3a 0,04 c Koop. -2,5D, neBoro ma3a 0,01 He Kopp. Ha 
rna3HOM f\ne amckm 3pmenbHbix HepBOB oAHOTOHHbie, rpaHMuw mx 
MeTKMe, Ka/iti6p cocyAOB He M3MeHeH, ho no xoAy cocyAOB 
npocne>KHBaK)TCfl aHrno3Hbie nonocw. B MaKyjinpHow o6nacm npaBoro 
ma3a OMarvi c nMrMeHTaunew, Ha xieBOM ma3y xopiiopeTMHanbHwe 04am. 
B nonnx 3peHUfl a6co/iK)THbie uempanbHbje ckotomw b npeAe/iax Ha 
npaBbiM ma3 5-1 0°, Ha JieBbiti r/ias 10-15°. 

Bn30KOHTpacrronepMMeTpnHecKoe nccneAOBaHne bwabwio HapytueHne 
BocnpuflTMfl TecroB c BbicoKOMacroTHOM cocTaBnfliou4eM cneinpa npw 

MOHOKy/l^pHOM TeCTMpOBaHUM KBAW>TO 17ia3a M CHMWeHWe KOHTpaCTHOM 
MyBCTBMTe/lbHOCTM BOOipWHTHfl CpeAHenaCTOTHOM cocTaBji*K>mefi 

cneKTpa npeA^s/ineMbix TecTOB b 6onbLuew (rreneHM Ha JieBbiw ma3. 
MccneAOBaHwe a/ieiapoMyBCTBHTenbHocrrn 3pwTejibHOw CMCTeMW b n- 
yMacxKax op6nTbi Ka>KAoro ma3a noKa3ano npaiowMeciai HopMy 
MyBCTBHTenbHOcm b npenenax nepwcfrepMMecKwx ynacrKOB no/ieti 
3peHMH, ho noBbiiueHtie noporoB B03HHKHOBeHMfl 3/ieKTpo4>occt>eHOB no 
oTHOiueHMK) k HopMe b napaijeHTpajibHbix yMacricax. 

Ha 0CH0B3HMH pe3y/ibTaT0B AwamocTHKn Jiene6Hoe 
3^eKTpoB03AewcTBne npoBOAnnocb Ha cneAyx>mnx napaiweTpax: 
KonnMecxBO HMny/ibcoB b namce 3, KO/ii/mecTBO qnKnoB 30, KO/iimecTBo 
cepuM 4 npn qacrroTe cneAOBaHUfl HMnynbcoB, noAaBaeMbix Ha 
nepMcfrepMMecKMe yMacTKn, 10R4w15rLiHa napaueHTpanbHbie yMacnai 
npn 3H3MeHnn aMnntiTyA, cooTBeTCTByjomwx noporaM B03HMKHOBeHM5i 
npepbiBucToro sneinpocJjoafeeHa, paBHOM 240 mkA, m A^MTe/ibHocrM 
HMnyjibca 8,5 mc. 

B xoAe Kypca neMe6Hbix 3JieiapocTbiMyjiflL4titi c napaMeTpawM 

B03AeiiCTBHR, C(|)OpMMpOBaHHblMH nO pe3y/1bTaTaM AHarHOCTMHeCKMX 

nccneAOBaHMM, ocrrpoTa spenm nocne 10 ceaHCOB noBbicunacb Ha 
npaBbm rjia3 ao 0,08, a Ha jieBWM ma3 ao 0,05 npw npaimmeciai 
Hen3MeHHow nnou^aAn MempajibHbix ckotom. CHH3nnncb nopom 
B03HMKH0BeHHfl sjieicrpocfroccfceHOB b napaLtempajibHbix ywacTKax nonen 
3peHMH o6omx ma3 npn Tex >Ke Anana30Hax MacroT cneAOBaHH* 
MMnynbcoB, mto m ao xieMeHUfl. 

MHoroKanajibHbiM sneicrpocrMMyjiflTop, ocymecTBJiflJomwti cnoco6, 
iwo>KeT 6biTb peajin30BaH Ha cneAyKJiuew sneMeHTHow 6a3e. 

Bjiok 1 BBOAa napaMeTpoB MOweT 6bUb Bbtno/iHeH b BUfle miaBMaTypw, 
noAKJiioMeHHOM k Kompon/iepy KnaBwaTypw, Bbino/iHeHHofi, HanpuMep, 
Ha ocHOBe MUKpocxeM cepnn K 555 mu K 580. 

ynpaB/ifltoujtift 6jiok 2, cneTMHK 6 KonimecTBa MMnynbCOB, reHepaTop 
TaxTOBbix MMnynbcoB 7, 4>opMiipoBaTenn umkhob 8, cepnw 9, ceaHCOB 10, 
nocjieAOBaTenbHocm noAKnK>MeHwi KaHanoB 1 1 MoryT 6bm> Bbino/iHeHbi 
Ha ocHOBe MUKpocxeM cepnn K 555 mjim K 580. 
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BllOK 3 MHAMKaMMM M0)K8T 6blTb BbinOJlHeH Ha OCHOBe CBeTOAMOAHblX 

3HaKOCMHTe3Mpy»omnx w MaTpuMHbix sjieMeHTax urn* c ncnonb30BaHiieM 

)KMAKOKpMCTaJlJlMMeCKHX 3KpaHOB. 

BnoK 4 xpaHeHUfl napaiweTpoB Bbino/iHeH Ha OCHOBe KOM6nHaqMM 
MUKpocxeM cepm K 573 m K 537. 

PerynflTop 14 aMnnnTyAW BbinonHeH Ha OCHOBe MHKpocxeMbi cepnw K 
572, npeo6pa30B3Tejib 13 ypoBHfl cwmana m nepeK/iwMaTenb 16 KaHanoB 
Ha OCHOBe MUKpocxeM cepnw K 561, aHanoroBbiw khkw 17 Ha OCHOBe 
MUKpocxeM cepMH K 590, reHepaTop 15 TOKa Ha OCHOBe noneBoro 

TpaH3HCTOpa. 

Cnoco6 ii ycrpoiicTBO no3BonflK)T ocymecTBHflTb AHamocniHecKoe 
nccneAOBaHne, Ha ocHOsaHMH KOToporo 4>opMupyK)Tca onTMManbHbie 
napaMeTpbi neHe6Hbix 3neKTpoB03AewcTBM$i, no3BonflK>mne 
aKTMBupoBaTb cfryHKMMOHaribHO ymeTeHHbie crpyKTypw nepucfcepMHecKiix 
OTAe/iOB 3pi4TenbHOM HepBHofi cwcreMbi, MCKnKwaramne 
nepeB036y>KAeHne HepBHbix CTpyioyp. Cnoco6 m ycrrpofiCTBO no3BOJiflK>T 
aAanTHBHO ocymecTBMTb 3neKrpoB03AeMCTBne, co3AaBaa 34>4>eior 
npeAB036y>KAeHiifl yMacrKOB nyTeM nocneAOBaTe/ibHoro bo3A©mctbmw, 
HaMMHan c Han6o/iee 4>yHKqviOHajibHO coxpaHeHHbix yMacTKOB. 

HCTOHHMKH UH<J)OpMaUHL1. 

1. UJaHAypwHa A.H. llaHHH A.B. KnnHMKO-<t>n3MonorviMecKHM aHann3 
cnoco6a nepnop6nTanbHoii wpecKO>KHOW sneicrpocTHMyjiflUMM 
nopa>KeHHbix 3pnTe/ibHbix HepBOB m ceTsaTKM. >KypH. <t>M3MOJiorvw 
nenoBeKa, 16, 1, crrp. 53-59. 

2. A.C. CCCP N 1163852. "Cnoco6 BoccTaHOB/ieHHfl npoBOAMMOcro 
3pnTenbHoro HepBa npii ero noBpe^eHHw". BH N 24,1985. 

3. A.C. CCCP N 1448436. "Cnoco6 BOccraHOB/ieHMfl 3pnTe/ibHoro 
HepBa". flCn. 



4. A. C. CCCP N 1600789. "MHoroKaHa/ibHbM 3neKTpocniMynflTop , \ 5H 
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Ns2093118. OopMyna 

1. CnocoS BoccTaHOBneHUfl 3peHH« npM noBpe>KAeHMn cctmbtkm m 
3pwTenbHoro HepBa, BKTHOMaiomMfi JieMe6Hy»o aneiapocTviMyjiflUMK) ^ 
cepuflMM naweK 6w4)a3HWx npaMoyronbHWX wMnyribCOB, npw kotopom 
npon3BOA«T npeABapnTenbHoe AMamocTMpoBaHMe BWAeneHHwx 
ynacTKOB, BKnioMaa cociaBneHne KapT noneii 3peHMfl, a neMe6HyK) 
aneiapocTMMy/iflMHK) ocymecTBnnioT qepe3 anempofl, HaxnaAWBaeMWM 
Ha op6MTanbHyK> o6/iacTb, ornmaiommcn TeM, mto AwamocTimecKoe 
3jieKTpoB03AewcTBne h jieMe6Hyio 3neicrpocTMMyrifli4MK) yMacTKOB 
cemaTKM u 3piiTenbHoro HepBa ocymecTBJiflKrr Mepe3 oamh aneicrpoA, 
KOTopwii BbinojiHflioT n KaHa/ibHWM no Mucny BbiAeneHHbix ynacrKOB, 
AMarHOcropyiOT BWAeneHHwe ynacTKM no crreneHM cooTBeTCTBMfl mx 
<J>yHKunoHajibHOM coxpaHHOCTM, onpeAejieHHOM no KapTaM no/ieft 
3peHMfl, noKa3aTennM anejcrpoMyBCTBHTejibHocTM Ha AnamocTiiHecKoe 
3neKTpoB03AeiiCTBiie 6w<t>a3HWMn npflMoyroxibHbiMH MMny/ibcaMM, npn 
3tom AJi« Ka>KAoro n yMacnca onpeAe/inioT onTMMa/ibHwe napaMeTpw 
nene6H0ii s/ieKTpocrrwMynflmiM: MHHMManbHoe snaMeHwe A^nTejibHOCTM 
MMny/ibca npw MMHMMaribHOM 3HaMeHnn nopora bo3hm KHOBeHMH 
3/ieKTpo0oc4)eHa, 3HaMeHMe MacrroTw cneAOBaHwa MMnynbCOB, 

CO0TBeTCTByK)U4eM HaHMeHbUJeMy 3H3MeHWK) nopora BOSHUKHOBeHM* 

npepbiBUcrroro 3neicrpoc}>oc4)eHa Ha 4>nKCnpoBaHHOM MiiHWManbHOM 
3H3MeHHH AHUTeribHOCTM MMnynbca, 3aTeM npOM3BOA*T 
nocjieAOBaTenbHO /ieMe6Hyio sneicrpocTviMynflUMio BWAeneHHwx 
ynacTKOB Ha HawAeHHbix napaMeTpax MMnyiibCOB 3/ieiapMMecKoro TOKa 
A^fl «a>KAoro M3 n KaHanoB, npoueAypy HaHMHaioT c HawSonee 
c^yHKUMOHa/ibHO coxpaHHWX yMacrxoB cemaTKM w 3pnrenbHoro HepBa. 

2. MHoroKaHanbHbiw s/iempocTHMynflTop, coAeprcamMfi 6hok Bbi6opa 
pe)KvtMOB, 6jiok BBOAa napaMeTpoB, <J)opMwpoBaTejib umkhob, 
4)opMnpoBaTeJib cepnii, <J)opMnpoBaTenb ceaHCOB, cmctmmk KonwMecrBa 
MMnynbcx)B, 4)opMnpoBaTenb MMnynbCOB, npeo6pa30BaTe/ib ypoBHfl 
aima/ia, nepeicnioMaTejib KaHanoB, reHepaTop TaicroBbix MMnynbCOB, 
renepaiop TOKa, peryn*Top awinnnTyAbi m aHa/ioroBW* khk>m c 
BbixoflaMU, KOTopbie HB/iflK>Tcn BbixoflaMM sneiapocrMMyjiaTopa, 
OTJiMMaiomMMcn TeM, mto b Hero BBeAeHbi ynpaB/iflioiMMM 6jiok, 6jiok 
xpaHeHMfl napaMeTpoB, 6jiok MHAMKaqnn, (JjopwinpoBaTenb 
nocneAOBaTe/ibHOcrrn noAKniOMeHida KaHanoB, npn stom bwxoa 6/iOKa 
BBOAa napaweTpOB coeAMHeH c nepBbiM bxoaom ynpaB/i«K>mero 6/ioica, 
nepBbiM bwxoa KOTOporo coeAMHeH c bxoaom cfcopMHpoBaTe/ifl 
MMnynbCOB, bwxoa KOToporo coeAMHeH c nepBbiM bxoaom 
npeo6pa30BaTen* ypoBHH cuma/ia, BTopow bwxoa ynpaBJiarcmero 6noKa 
coeAMHeH c BTopwM bxoaom npeo6pa30BaTe/ifl ypoBHfl cwmana, TpeTnii 
bwxoa ynpaB/ifliomero 6/iOKa coeAMHeH c TpeTbMM bxoaom 
npeo6pa30BaTe/i« ypoBHfl cMmana, seTBepTWM bwxoa ynpaB/wiomero 
6noKa co^AHHeH c bxoaom 6noKa MHAMxauwn, n«TbiM bwxoa 
ynpaBjifliomero 6noKa coeAMHeH c bxoaom 6noxa xpaHeHun napaMeTpoB, 
nepBWM bwxoa KOToporo coeAMHeH c btopwm bxoaom ynpaB/iaiomero 
6noKa, BTopofi bwxoa 6noKa xpaHeHMfl napaMeTpoB Mepe3 cmcthmk 
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KonimecTBa MMnynbcoB coeAMHeH c TpeTbMM bxoaom ynpaBnaiomero 
6noKa, TpeTMM bwxoa 6noKa xpanenm napawieTpoB nepe3 reHepaTop 
raiaoBbix MMnynbcoB noflK/iJOMeH k neTBepTOMy BXOAy ynpaBwromero 
6noKa, MeTBepTbiM bwxoa 6noKa xpanem* napaMeTpoB qepe3 
{feopMHpoBaTejib umkhob k nfltowiy BXOAy ynpaB/wjomero 6noKa, naTWM 
bwxoa 6noKa xpaHeHUfl napaMeipoB wepe3 (fropMnpoBaTenb cepufi k 
ujecTOMy BXOAy ynpaBJiaiomero 6noKa, ujecTOM bwxoa 6noKa xpanenm 
napawieTpoB Mepe3 4>opMnpoBaTejib ceaHCOB k ceAbMOMy BXOAy 
ynpaBJifliomero 6noKa, ceflbMow bwxoa 6noKa xpaHeHMfl napaMeipoB 
qepe3 (fcopMupoBaTenb nocneAOBaTe/ibHocTn noAKmoneHMfl KaHanoB k 
BocbMowiy BXOAy ynpaBJiflK>mero 6noKa, AeBPTww bxoa KOToporo 
coeAMHeH c 6noKOM Bw6opa pe^wMa, nepBww bwxoa npeo6pa30BaTena 
ypoBHfl CMmana Mepe3 peryjurrop aMnnvrryAbi cob/\\ah&h c ynpaBnaiomMM 
bxoaom renepaTopa TOKa, BTopofi bwxoa npeo6pa30BaTe/ifl ypoBHfl 
cwma/ia coeAiweH c nepeKniowaTeneM KaHanoB, 1-n bwxoau KOToporo 
flB/i«K)TC« 1-n BXOAawin aHanoroBoro Kniona, TpeTMM bwxoa 
npeo6pa30BaTe/ifl ypoBH* cuma/ia coeAWHeH c (n+1)-M bxoaom 
aHanoroBoro KJiKwa, (n+2)-M bxoa KOToporo coeAWHeH c bwxoaom 
reHepaTopa TOKa, a (n+3)-w bxoa c luecrwM bwxoaom ynpaBJiflK>mero 
6/iOKa. 
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